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In this study, the composite orthotropic annular rotating part of carbon fibre reinforced polymer is investigated 
statically. Rotating structure is modeled in CATIA V5 and meshed in HyperMesh 13.0 to be analytically 
simulated in ANSYS 16.1 APDL. The static behaviour of the radial, circumferential and longitudinal stresses 
and deformations are obtained and analysed at six various angular velocities up to 2727.27 rad/s. It is noted that 
the simulated magnitudes of the hoop stress are higher than that of the radial and longitudinal stresses. However, 
the maximum displacements are found to be in the longitudinal and radial directions respectively. In addition, 
these stresses are observed to increase as the angular velocities increased. 
Keywords: Composite material; FEA; Rotating part; Stress analysis. 
1. Introduction  
Carbon fibre reinforced polymer is one of the most advanced composite materials that is being increasingly used 
in various engineering industrial applications, such as the automotive, marine and aerospace industries [1]. The 
main advantages or a characteristic of CFRP is its flexibility in relation to design, high resistivity to corrosion, 
plus, its high strength and stiffness [1]. Therefore, this material is commonly used in turbines, generators, 
engines and compressors. In most structural and industrial applications related to CFRP, it has been observed 
that this material is subjected to long term cyclic loading and unloading conditions of variable and excessive 
stresses and strains that indicate that CFRP is likely to fail at a specific number of cycles [1]. In addition, the 
authors in [2] suggested that the rotating structures found on these applications are subjected to high rotational 
speeds that can induce high centrifugal force.  
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The authors in [2] further proposed that the maximum rotating stresses generated due to centrifugal force should 
be considered in the design. Investigating the static behaviour of the composite rotating part is necessary to 
determine the fatigue behaviour which is expected to occur at a certain limit in relation to the rotational speed. 
The static behaviour is investigated on the maximum location of the cyclic stresses and deformations that may 
cause various failure modes on the rotating part. The authors in [3] indicated that there are three alternative 
stresses acting on the rotating parts: radial, circumferential and longitudinal stresses. Therefore, the authors in 
[2] corroborated that the variation of these stresses with respect to rotational speeds should be investigated. 
Numerous published papers studied the static behaviour of various applications of the rotating parts under 
different conditions of loads, pressures, temperatures and constraints. However, this paper is only used to 
analyse the theoretical and simulated static behaviour of a section of the full rotating part under different angular 
velocities up to 600 m/s to predict and investigate the static behaviour of the adopted rotating structure. 
2. Literature Review  
Static analysis is a subset of structural analysis which is used to determine the stresses, strains, displacements 
and reactional forces induced by static loading conditions subjected to the structures or components [4]. 
However, the damping and inertial effects which are caused by time varying loading conditions are neglected 
[4]. The static loading types that can be considered and applied to the components include the external forces, 
pressures, temperature and inertial forces generated because of gravity and rotational speeds [4].  The authors in 
[3] investigated that there are three alternative stresses acting on the rotating parts: axial, hoop and radial 
stresses. The authors in [3] also noted that the axial or what is known as longitudinal stress is stress that acts 
along the axial direction of an object. While the hoop stress or what is termed circumferential stress is defined as 
the stress that acts along the perpendicular direction to the radial stress. However, the radial stress is the stress 
that acts along the radial direction of the object [3]. The authors in [3,5] analysed and investigated the behaviour 
of the most common types of rotating parts, such as thin, solid, hollow and thick discs. The author in [5] 
additionally advocated that the general equation of centrifugal force that can be used for the most common types 
of rotating parts is expressed as shown in Equation (1). 
                                     
Where the general equations that can be used to determine the hoop and radial stresses at any radius of the 
uniform thickness and constant angular velocity of the rotating parts can be expressed as shown in Equations (2) 
and (3) respectively [5]: 
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The author in [5] studied that the hoop and radial stresses equations that can be used for the rotating part with a 
central hole can be obtained by using the following two equations respectively. 
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The author in [5] also observed that the maximum hoop stress for this type can be determined at the inside 
radius, where       as shown in Equation (6). 
      
   
 
 [  (   )  
  (   )   
 ]                     
However, the author in [5] reported that when the inside radius approaches zero, the peak hoop stress can be 
obtained, as determined in Equation (7). 
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Conversely, the minimum hoop stress can be determined at       , where the radius of any section equals to 
the outside radius of the rotating part, as obtained in Equation (8) [5]. 
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While the maximum radial stress can be determined at the radius where   √      which is derived from 
Equation (5) at 
   
  
   to obtain the maximum value of the radial stress by using the theorem of the first 
derivative, as shown in Equation (9) [5]. 
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Furthermore, the author in [5] indicated that the maximum hoop and radial stresses for a small hollow disc can 
be expressed, as revealed in Equations (10) and (11) respectively. 
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However, the authors in [6] implied that the hoop and radial stresses generated by rotational speeds can be 
expressed and subjected under gravitational acceleration, as described in Equations (12) and (13) respectively. 
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The author in [5] additionally demonstrated the distribution of the hoop and radial stresses over this type, as 
shown in Figure 1. 
 
Figure 1: Distribution of hoop and radial stresses over the rotating part of a central hole [5] 
3. Research Methodology  
3.1 Modeling Method  
CATIA V5 software is used to construct the model of the rotating part. This software is predominantly used by 
many industrial engineers and designers for 3D models and 2D sketches [7]. In addition, this software is utilised 
by various industrial sectors, such as the aerospace and automotive industries (Reddy and Kumar 2015). The 
design concept of the designed structure is shown in Figure 2 below. 
 
Figure 2: 2D-Sketch of the rotating part 




However, a section of a     rotating part is adopted and modeled in CATIA V5, as illustrated in Figure 3. This 
section is selected to avoid the maximum limit of nodes specified or allowed in the academic educational 
version. 
 
Figure 3: 45° section of the full rotating part 
Consequently, Figure 4 illustrates the full dimensions of the modeled rotating section from different sides, 
sketched in a CATIA V5 Drafting worksheet. 
 
Figure 4: Different sides of views of 45° section of the rotating part 
Table 1: Parametres of modelled rotating structure 
Parameters Value 
Mass         
Volume              
Disc diameter       
Shaft diameter      
Angle     
Table 1 shows several structural parameters of the modeled geometry. 




3.2 Meshing Method  
Hyper Mesh 13.0 software is selected and performed to mesh the designed structure. The meshing tool of the 
solid mapping mesh is selected and applied to mesh the rotating structure by choosing the meshing style of the 
squared element shape, as shown in Figure 5. This meshing tool is constructed by splitting and meshing three 
different faces of the rotating structure by using a 2D auto-mesh tool with a 4mm meshing size. Subsequently, 
this 2D mesh is extended and dragged along the line vector through the solid volume with a 1mm meshing size.  
 
Figure 5: Meshing of the rotating part 
3.3 FEA Method 
The finite element analysis software is adopted to analyse the present structure of the rotating part is the 
Mechanical Structural Analysis (APDL) of ANSYS 16.1. This software is employed to investigate the static 
behaviour of the rotating section under different cases of angular velocities. Consequently, the structural 
behaviour of this rotating section is analysed in ANSYS APDL 16.1 by applying several steps Figure 6 
envisages the schematic flowchart of the common development process performed in the FEA-model to obtain 











Static analysis  
Define element type/mesh Quality 
check 
Refine material properties 
Define loads and BCs 
 
Define static analysis 
Solve static analysis  













Figure 6: Schematic representation of the development process of the static FE-model 
3.4 Material properties and element type 
The material properties of the carbon fibre reinforced polymer are adopted in the present analysis. Table 2 
shows several mechanical and thermal properties of CFRP. 
Table 2: Material properties of CFRP [8] 
CFRP- Max speed 600 m/s, Density of 1620 Kg/m^3 
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However, Table 3 reveals the element type of the rotating structure, in addition to its number of nodes and 
elements obtained from the Hyper Mesh 13.0. 
Table 3: Element specifications of the rotating section 
Element type Solid 185  
Elements  9730 
Nodes  11655 




3.5 Boundary condition and load 
The boundary conditions and the load applied to the rotating structure to obtain the static structural analysis is 
shown in Figure 7. It can be clearly seen that both sides of the rotating structure are constrained in the 
circumferential direction of the Y-axis. In addition, the directional axes of X, Y and Z are fully constrained at 
the centre of the rotating structure. The inertia load of the rotational speed, conversely, is applied at the centre of 
the rotating part. 
 
Figure 7: BCs applied to the rotating section 
4. Results and Discussion  
The static finite element analysis model is used to demonstrate and discuss the results of the maximum stresses 
and deformations of the cylindrical coordinate system acting on the rotating structure when this rotating mass is 
subjected to different angular velocities and specific boundary conditions. In the static structural analysis, 
sufficient boundary conditions are applied to the rotating part, specifically in the Z-axis and Y-axis to prevent 
the free translating motion along the longitudinal direction of the cylindrical coordinate system in addition to 
preventing the free rotating motion that could possibly occur around the circumferential direction of the 
cylindrical coordinate system. 
4.1  Results of the directional stresses 
The contour plots of the maximum and minimum radial stresses, hoop stresses and longitudinal stresses 
generated due to the maximum angular speed of 2727.27 rad/s are shown in Figures 8, 9 and 10 respectively. 
The distribution of these stresses is investigated when the rotating mass spins around the Z-axis. 
 





Figure 8: The contour plot of maximum and minimum radial stresses generated due to 2727.27 rad/s 
 
Figure 9: The contour plot of maximum and minimum hoop stresses generated due to 2727.27 rad/s 
 
Figure 10: The contour plot of maximum and minimum longitudinal stresses generated due to 2727.27 rad/s 




It can be clearly observed from Figures 8, 9 and 10 that the location of the maximum radial stress is found to be 
at the centre of the composite rotating structure, which is induced because of the high rotational speed of 
26043.5 rpm. While the maximum hoop or circumferential stress is determined to be along the rotational 
direction, which is closed to the outer radius. However, the maximum longitudinal stress of the simulated 
structure is found to be in the middle of the rotating structure due to central rotational speed applied to the 
structure and change in thickness of the rotating structure. This rotating section is performed under six various 
angular velocities. Therefore, Table 4 demonstrates the maximum radial, hoop and longitudinal stresses of each 
velocity obtained from ANSYS 16.1. 
Table 4: The maximum cylindrical stresses generated due to different angular speeds 
                                             
                       
                       
                          
                          
                          
                           
It can be clearly seen from Table 4 above that the maximum stresses generated due to different cases of the 
angular velocities are found to be in the hoop direction, which indicates that the hoop stress is the dominant 
stress on the rotating structure. The minimum stresses, in contrast, are found to be in the longitudinal direction. 
4.2 Results of Von Misses stresses 
The contour plot of the Von Misses stresses generated by the maximum angular speed of 2727.27 rad/s is 
depicted in Figure 11 
 
Figure 11: The contour plot of maximum and minimum Von Misses stresses generated by 2727.27 rad/s 




The simulated results of the Von Misses stresses can be theoretically validated and calculated by using the 
general equation of the Von Misses criteria, as expressed in Equation (14) below (Lawrence and Ya 2014) . 
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The authors in [9] implied that the ultimate strength of the CFRP sheet is equal to 3553 MPa. Therefore, the 
stress induced due to the angular velocities should be less than this amount to avoid the failure modes. It can be 
clearly observed from the above figure that the maximum equivalent stress generated by the maximum 
rotational speed does not exceed the ultimate allowable stress related to CFRP. This action indicates that this 
structure can operate safely under different velocities without failing. Furthermore, the authors in [10] indicated 
that the factor of safety for composites can be mathematically calculated by dividing the ultimate stress of the 
CFRP material to the maximum actual stress induced due to the rotational speeds, as expressed in Equation (15).  
      
         
       
                                                                  
Therefore, Table 5 shows the theoretical calculations of the factor of safety related to CFRP for each angular 
velocity of 454.55 rad/s, 909.09 rad/s, 1363.64 rad/s, 1818.18 rad/s, 2272.73 rad/s and 2727.27 rad/s 
respectively.  
Table 5: Factor of safety calculations 
                                                        
                              
                             
                               
                               
                               
                              
4.3 Results of the directional deformation  
Figures 12, 13 and 14 illustrate the contour plots of the maximum deformations that occur in the X-direction 
(radial), Y-direction (circumferential or hoop) and Z-direction (longitudinal), which is simulated when the 









Figure 12: The contour plot of the maximum radial deformation induced due to 2727.27 rad/s 
 
Figure 13: The contour plot of the maximum hoop deformation induced due to 2727.27 rad/s 
 
Figure 14: The contour plot of the maximum longitudinal deformation induced due to 2727.27 rad/s 




It can be clearly noted from Figure 12 that the maximum deformation of the radial direction is located at the 
outer side of the rotating structure, as visualised in red. In addition, the longitudinal deformation is also located 
in the outer zone of the rotating structure as visualised in blue, as shown in Figure 14 above. However, the 
circumferential deformation is exceedingly small compared to the previous deformations and it is uniformly 
distributed along the entire shape of the rotating component, as demonstrated in Figure 13 above. Moreover, 
Table 5 shows the maximum deformations along the radial, hoop and longitudinal directions of the cylindrical 
coordinate axes, induced by the angular velocities of 454.55 rad/s, 909.09 rad/s, 1363.64 rad/s, 1818.18 rad/s, 
2272.73 rad/s and 2727.27 rad/s.   
Table 5: Summary of directional deformation results 
                              
                             
                            
                            
                            
                            
                            
It can be determined from Table 5 above that maximum deformation is found to occur in the longitudinal and 
radial directions respectively. The longitudinal deformation occurs due to the translational motion of the rotating 
structure when the structure is subjected to high rotational speed around the Z-axis. The radial deformation 
occurs due to the extremely low radial strength of the composite rotating structure which could lead to the 
delamination failure mode. However, the minimum deformation is observed to be in the hoop or circumferential 
direction because of the boundary conditions used to restrain or prevent the higher displacements in the Y-axis. 
5. Conclusion  
In conclusion, this paper investigated the static behaviour of a composite rotating part. The orthotropic material 
properties of carbon fibre reinforced polymer are adopted in the theoretical and analytical solutions. A section of 
    rotating part is established and constructed in CATIA V5. Subsequently, Hyper Mesh 13.0 is adopted to 
discretise this structure into 11655 nodes and 9730 elements to be statically analysed in ANSYS 16.1 at 
different angular velocities. The maximum static analysis of the radial, hoop and longitudinal stresses and 
deformations induced due to the maximum angular speed of 2727.27 rad/s are obtained and analysed. It was 
observed that the magnitudes of the hoop stress are higher than that of the radial and longitudinal stresses. 
Nevertheless, maximum deformations are found to be in the longitudinal and radial directions compared to the 
circumferential direction. 
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